The linear stability of Couette flow in a narrow-gap of two concentric cylinders with either the inner one rotating or both counter-rotating, and in the presence of a radial magnetic field is reported here. The eigenvalue problem is solved numerically by a finite-difference technique. The radial velocity perturbation and the cell-patterns at the onset of instability are shown graphically. It is observed that the maximum of the radial velocity perturbation is found to shift increasingly towards the inner cylinder whereas the cells are found to elongate increasingly in the radial direction and get reduced very much in the axial direction which is exactly opposite to that observed in the presence of an axial mag netic field. Numerical values of the critical wave number a c and the critical Taylor number Tc are also listed .
Taylorl was the first to study the effect of rotation of the inner or both the cylinders on the stabi lity of viscous incompressible fluid between two concentric cylinders. Taylor confirmed his theoretical predictions by carrying out the experiments. Later on, Chandrasekhar z reported the stability between two rotating coaxial cylinders under magnetic field and published many papers on this topic by considering narrow-gap, wide-gap, axial magnetic field, etc., and these are found in his book'. The flow of an electrically conducting fluid between conducting and non-conducting rotating cylinders was considered. Kurzweg 4 examined the relation between the magnetic Prandtl number of the fluid and the axial magnetic field . Chang and Sarter/, and Robert 6 studied hydromagnetic stabi lity between two rotating cylinders separately by a finite-gap.
However, different types of magnetic field can be imposed on the flow between two concentric cylinders. Apart from an axial magnetic field , a circular magnetic field and a radial magnetic field can also be applied. The effects of a circular magnetic field on the stability of Couette flow were studied by Edmands 7 and Lai
8
• The effect of a radial magnetic field on the stability of electrically conducting fluid between two concentric cylinders separated by a wide-gap was recently studied by Ali ' These results will be found useful in nucl ear engineering for cooling purpose. However, it is also important to study the behaviour of a radial velocity perturbation u(x) and the nature of the cell-patterns under the influence of the parameters like T), 11 and Q. In order to study this phenomenon, we have considered here the narrowgap case and shown the radial velocity, perturbati on and the cell-patterns graphically. In addit ion to the mathematical ana lysis, the numerical procedure to solve the eigenvalue prob lem is described.
Mathematical Analysis
Consider the flow of a viscous incompressible electrically conducting fluid between two nonconducting concentric cylinders in the presence of a radial magnetic field Air. These two cylinders are assumed to be rotating with angular velocities Q 1 (inner cylinder of radius R 1 ) and Q z (outer cylinder of radius R z ). Let (u,v,w) 
. .. (3) and the non-dimensional quantities are defined as:
.. . (4) Here, v is the kinematic viscosity and e is the resistivity. Also, Q denotes the square of the Hartman number, p the density and Ile is the magnetic permeability.
Assuming infinitesimal axisymmetric disturbances, we (Chandrasekhar.1) can show that the disturbances satisfy Eqs (5)- ( 12) :
.. . (6) ... (7) .. . (8) ... (9) .. . (10) .
.. (II)
... (12) where (u',v',w')and (f',g',h' ) are the components of the velocity and magnetic fi e ld d istmbances in the For normal mode analysis, we now assume that: 
.
.. (IS)
... ( 16) .. . ( 17) We now introduce the following non-dimensional quantities:
In view of Eq .( 18), Eqs. ( 14)- (1 7) reduce to the nondimensional form:
Here T is the Taylor number and Pm is the magnetic Prandtl number, which are defined as:
... (23) In Eqs . (19)- (22), we can neglect the coefficients of Pm, as in many cases, the working fluid is mercury with Pm= 1.4Sx I 0-7 . Also, 'a ' is a non-dimensional wave number.
In order to reduce the Eqs. ( 19)- (22) for small gap case, we know that:
Then, the system of Eqs. ( 19)- (22), after dropping the superscripts from u, v and g, reduces to :
.. (24)
.. (2S)
.. (26)
The equation for f is found to be independent of V and g and hence not needed for fi nding u, v, g. Al so, for narrow-gap case, we can show after some simplifying algebra, th at Eqs (2) and (3) reduce to :
.. . (27) For Q=O, Eqs (24)-(27) reduce to standard form di scussed by Chandrasekhar' and , we get:
The boundary conditions for e lectrically non-conducting wall s are:
Hence, we now have the eigenvalue problem of the form : 
In matrix notation, Eqs (31 )-(33) with the conditions described by Eq.(35), can be rewritten as:
... (36) .. , (37) Table I .
Results and Discussion
Calculations were made to determine Tc and a .. for }1=0 (stationary outer cylinder) and J..l=-I (counter rotating cylinders) over a range of values of Q. As shown in Table I , the values of Tc for Q :;t:. 0 is greater than that of Q=O . This indicates that the presence of a radial magnetic field stabilises the fl ow. Consequently, the onset of instability, characterized by the appearance of the Taylor vortex flow , is delayed to a higher angular velocity of the inner cylinder. Al so, the rate at which Tc increases with increasing values of Q is quite large. Hence, imposing a strong radial magnetic field maintains the Couette flow in its initial laminar state up to a critical angular velocity of the inner cylinders which is several times more than that We have computed numerically the values of radial velocity perturbation u(x) for 11=0 and -I and these are shown on Figs I and 2 , respectively . We observe from Fig. 1 that u(x) -curve is almost symmetrical about mid-plane for the gap when only the inner cylinder is rotating and Q=O, i.e. in the absence of a radial magnetic field. However, in the presence of a radial magnetic field , the radial velocity perturbation u(x) is found to shift away from the inner cylinder as Q increases and hence the maximum of u(x) now shifts away from the inner cylinder thereby the symmetry is lost at mid-plane of the gap between the two cylinders . From Fig. 2 , it is interesting to study the nature of the eigenfunction u(x) in the presence of counter-rotation of the two cylinders in the presence of a radial magnetic field . Here, the maximum of u(x) is found to be shifting towards the inner cylinder and it shifts more when the Hartman number Q increases. However, when the two cylinders are counterrotating, the centre of the cell is found to be shifting highly towards the inner cylinder and the size of the cell in the z-direction is also found to reduce more and more as the value of the Hartman number is increased .
It is interesting to compare the present situation with that in the case of stability of hydromagnetic fl ow in the presence of an axial magnetic fi e ld , studied by Chandrasekhar 2 and Takhar et Ol . 12. In the presence of an axial magnetic field , the Taylor 
Conclusions
Due to an increase in the value of the Hartman number Q, there is a steep rise in the value of the cri tica l Taylor number Tc showing that the flow gets stabilised fast as Q is increased .
The maximum of the radial velocity perturbation u(x) is found to shift more and more towards the inner cylinder as Q is increased . The cells are found to move very fast in the direction of the radial magnetic field as Q is increased.
